Six Large White pigs (mean body-weight 59 (SE 1.7) kg) were surgically fitted with permanent catheters in the portal vein, the brachiocephalic artery and the right hepatic vein, as well as with electromagnetic flow probes around the portal vein and the hepatic artery, and allowed to recover. The non-auaesthetized animals were given a basal non-fibre diet (diet A) alone or together with 60 g guar gum/kg (diet B) or 150 g purified cellulose/kg (diet C) by substitution for mica. The diets were given for weekly periods and according to a replicated 3 x 3 Latin square design. On the last day of each such adaptation period, test meals of 800 g were given before blood sampling. Sampling was continued for 8 h. Guar gum strongly reduced glucose apparent absorption without changing the absorption and the hepatic uptake profiles. Production rates of insulin, gastric inhibitory polypeptide and insulin-like growth factor-1 (IGF-1) were lowest after guar gum ingestion. However, the reductions in peripheral blood insulin levels caused by guar gum were not associated with a change in hepatic insulin extraction. IGF-1 appeared to be strongly secreted by the gut, whereas the liver had a net uptake of the peptide. Ingestion of guar gum increased the hepatic extraction coefficient of gut-produced LGF-1. Guar gum ingestion appeared also to decrease glucagon secretion.
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growth factor-1 (IGF-I) in the growing pig after the ingestion of diets containing purified cellulose or guar gum.
The most reliable information for studying metabolism in the splanchnic bed is obtained by in vivo measurements. This can be done if the rate of blood flow through the liver (arterial and portal supplies) is recorded continuously, and metabolite concentrations are measured via blood samples taken from an artery, one of the hepatic veins and the portal vein. In the present work we have used such an experimental model .
M A T E R I A L S A N D M E T H O D S

Animals and diets
Six castrated male Large White pigs (59 (SE 1.7) kg initial body-weight) were used. Each animal was surgically fitted with three catheters placed respectively in the portal vein, the brachiocephalic artery and the right hepatic vein, and electromagnetic flow probes around the portal vein and around the hepatic artery as described by Simdes Nunes er al. (1989) . The animals were subsequently given a basal non-fibre diet containing 150 g mica powder (diet A) alone or together with 60 g guar gum (diet B) or 150 g purified cellulose (diet C) by substitution of mica powder. The aim when preparing these diets was to produce diets with the same level of starch and protein and, thus, the inclusion of an inert material such as mica powder was indispensable. Each diet was given for 1 week according to a replicate 3 x 3 Latin square design. On the last day of each such adaptation period test meals of 800 g were given before blood samplings. These samplings were continued for 8 h. The dietary composition is given in Table 1 . Throughout the experimental period the animals were kept individually in cages which permitted easy access to the cannulas and the probes. To prevent obstruction of the cannulas by blood clots they were rinsed daily with heparinized sodium chloride (9 g/l) solution (100 IU/ml).
Measurements
Each test meal started at 09.00 hours after a fasting period of 24 h. On the day of each test meal portal vein and hepatic artery blood flow-rates were recorded continuously. Blood was sampled simultaneously from the hepatic vein, brachiocephalic artery and portal vein
(4 ml/route) from zero time until 8 h after the beginning of the meal, every 10 inin during the first 40 min, at 1 hour, every 30 min during the 2nd hour and once every 1 h afterwards. A 2 ml portion of each blood sample from each cannula was collected in ice-chilled tubes containing 10 pl heparin (50 IU) and immediately analysed for glucose (Hill & Kessler, 1961) , L-lactic acid (Minaire et al. 1965 ) and pyruvic acid (Minaire et al. 1967) concentrations. A further 2 ml of blood was collected in ice-chilled tubes containing 20 pl heparin and 1000 KIU Trasylol (apronitin)/ml blood for plasma immunoreactive insulin, glucagon, GIP and IGF-1 measurements. Plasma samples were rapidly prepared after centrifugation (1600 g, 4", 15 min) and stored at -80" until the assay was performed within 2 months after the experiment. Insulin was measured with a commercial assay system (CEA, France ; Sorin Biomedica, Spa, Italy) as well as glucagon (Novopharmaceutic, Copenhagen, Denmark) and IGF-1 (Amersham, Les Ulis). GIP was measured according to Rerat et al. (1985) . Blood concentrations of all these hormones and hormonal peptides were calculated taking into account the packed cell volume measurements which were made throughout the 8 h of observation.
Calculations
The determination of apparently absorbed quantities or net appearance in the portal vein (AQ), produced intestinal or pancreatic hormone quantities (HQ), splanchnic input (SI), hepatic input (HI), hepatic output (HO), hepatic balance (HB), hepatic extraction coefficient (HEC) and splanchnic balance or non-hepatic tissue balance (SB) were calculated according to the following formulas (Simdes :
where Pc is the portal concentration, Pf is the flow in the portal vein, Ac is the arterial concentration, Haf is the flow in the hepatic artery and Hvc is the hepatic vein concentration.
Statistical analysis (Snedecor & Cochran, 1967) involved standard error of the mean as well as an analysis of variance followed by a Duncan's multiple-range test. These calculations were performed with the Statistical Analysis System (SAS Institute, Cary, NC).
R E S U L T S
Blood Jow-rates and hepatic and gut movements of glucose, lactic acid and pyruvic acid
The nature of the test meal did not affect the blood flow-rate patterns. However, ingestion of the meal was accompanied by an increase in total hepatic blood flow. This increase appeared to be due to an increase in portal flow. For all the animals and all the experiments the mean total hepatic blood flow rate was 3242 (SE 48) ml/min (55 (SE 0.8) ml/kg per min) and the arterial supply to the liver represented on average 20 % of the total blood received by the organ.
The apparently absorbed quantities of glucose were highest for diet A and lowest for the guar-gum diet. The pattern of absorption was almost the same for the three diets, with the largest absorption rates from the 2nd to the 5th hours after the beginning of the meal (Table Table 2 . Apparently absorbed quantities (net appearance ( g / 8 h ) 2). The hepatic uptake of glucose was highest after diet A and lowest after diets B and C which were similar. The glucose hepatic uptake pattern followed that of absorption and it represented 41, 43 and 31 ' / o of the absorbed quantities respectively for diets A, B and C. The mean hepatic extraction rate was about 8 % . Thus, glucose reaching the peripheral circulation represented 59% of that absorbed from diet A, 57% for diet B and 69% for diet C.
There were no differences among the diets in the net appearance of lactic acid in the portal vein and hepatic uptake, whilst the net appearance of pyruvic acid in the portal vein was slightly lower after ingestion of the guar-gum diet than after that of the other two diets.
Insulin, GIP, glucagon and IGF-1
The lowest mean production of insulin was observed after ingestion of the guar-gum diet (diet B; Table 3 ). This production represented only 70% of that recorded after ingestion of the fibre-free diet (diet A) and 80% of that obtained for the cellulose diet (diet C). Moreover, after intake of diets A and C the insulin produced during the first hour postprandially represented respectively 29 and 35 YO of the hormone secreted in 8 h, whilst after ingestion of the guar-gum diet the insulin production in the first hour only represented 17 YO of the total measured hormone. The kinetic profiles of hepatic uptake of insulin reflected those of insulin production. The HEC for the insulin produced were always higher than 50%. The lowest HEC for insulin were noted for the cellulose diet.
The lowest mean production and HB of glucagon were observed after ingestion of diet B (Table 3) ; this glucagon production represented only 46% of that measured after ingestion of diet C and 59 ' YO of that for diet A. No significant difference in kinetic profile of glucagon production and HEC appeared between the three diets.
Ingestion of guar gum strongly reduced GIP secretion (Table 3 ). The GIP produced after guar-gum ingestion represented 45% of that obtained after diet A and 56% of that Table 3 
G U A R GUM, ABSORPTION A N D H E P A T I C METABOLISM
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Glucagon measured after diet C. The kinetic profile of the secretion was not the same for all diets. Thus, GIP production after ingestion of diet A was biphasic with maxima during the first hour and at 6 7 h after feeding; that noted after diet B was rather small and uniform during the first 6 h after the meal, whilst the secretion observed after diet C was highest during the second, third and fourth hours post-prandially. The HEC for GIP was significantly higher after ingestion of the guar-gum diet (diet B) than after that of the fibre-free diet (diet A). The gut secretion of IGF-1 was lowest after ingestion of guar gum (Table 4) . Whatever the ingested diet, the kinetic profile of IGF-1 gut secretion was quite constant and uniform during the 8 h of observation. No influence of meal intake was, thus, observed on the level of IGF-I gut secretion. The liver was responsible for a net uptake of circulating IGF-I. The HEC for gut-produced IGF-1 was significantly higher after ingestion of the guar-gum diet (diet B).
DISCUSSION
The effects of fibre on post-prandial blood glucose and insulin levels have often been investigated, but little is known about the effects of fibre on the absorption of the other components of a meal and the mechanisms of these effects, or about the effects of fibre on the hepatic metabolism of nutrients and hormones. The latter were the main area of investigation of the present study.
Ingestion of guar gum strongly reduced glucose absorption. Decreased glucose absorption was also observed in man after ingestion of guar gum (Gulliford et al. 1988; Torsdottir et al. 1989) . Diminished glucose absorption after the addition of guar gum to the Table I , C . d P < 0.01 ; P , f P < 0~001, diet has been attributed to delayed gastric emptying (Holt et al. 1979) , but the correlation between gastric emptying and post-prandial absorption has been questioned (Blackburn et al. 1984) . Thus, the slower absorption of glucose induced by guar gum does not seem to be explained by delayed gastric emptying, but rather supports the theory of slower digestion or absorption (Hagander et al. 1984) . The fundamental importance of viscosity with regard to the physiological effects of guar gum has been reported (Rainbird & Low, 1986; Torsdottir et al. 1989; Cherbut et al. 1990 ). The effect of guar gum on glucose absorption can be removed if the property of the fibre to increase the viscosity of a meal is destroyed by hydrolysis or processing of the guar gum (Jenkins et al. 1978; Torsdottir et al. 1989) . Moreover, decreased hydrolysis of starch in the small intestine induced by viscous dietary fibre which limits further stages of carbohydrate digestion and absorption appears to be quite important in mechanisms of action for viscous dietary fibre such as guar gum (Isaksson et al. 1982; Hamberg et al. 1989) . The absorbed glucose was primarily extracted by the liver, confirming that there was a direct uptake of glucose by the liver during post-absorptive hyperglycaemia (Barrett et al. 1986; . The hepatic glucose uptake rate was not modified by the ingestion of guar gum or cellulose.
Cellulose at the level used in the present study, did not influence glucose absorption rate and the kinetic profile of absorption. Cellulose has been shown to reduce glucose absorption to a slight extent in man (Jenkins et al. 1983) , as well as having no effect on the digestion and intestinal absorption of lipids in the rat (Bore1 et al. 1989) , whilst guar gum reduced lipid absorption (Turner et al. 1990 ; A. Girard-Globa, C . Simdes Nunes & K. Malmlof, unpublished results) .
Additionally the insulin (Malmlof et al. 1989) and GIP responses were reduced after the guar-gum-supplemented diet, while cellulose failed to change their productions. Decreased insulin and GIP secretions have also been observed in man after guar-gum ingestion (Morgan eta/. 1979; Gulliford et al. 1988) . Carbohydrate in the upper gastrointestinal tract stimulates GIP release; thus, a reduced GIP response to a given meal indicated a reduced concentration of glucose for absorption in the upper part of the gut. Reduced insulin release after guar-gum ingestion appeared to be due mainly to lower glucose absorption and lower secretion of GTP. Guar-gum ingestion was also found to reduce insulinotropic G U A R GUM, A B S O R P T I O N A N D H E P A T I C METABOLISM amino acid absorption (Simdes Nunes & Malmlof, 1991) and this could have contributed to a lower insulin release. However, the observed reduced insulin release was not found to be associated with a change in hepatic insulin extraction. Guar-gum ingestion appeared to reduce glucagon secretion. Such an effect was not observed in man by Gulliford et al. (1988) . The present work also confirmed that the HEC for insulin was higher than that for glucagon (Ishida et al. 1983; Simdes Nunes et al. 1991) .
The net uptake of circulating IGF-1 suggests that most of the plasma IGF-1 is of nonhepatic origin and may have autocrine-paracrine or endocrine actions (Daughaday & Rotwein, 1989) . From our findings it appears that IGF-1 is largely produced by the gastrointestinal tissues and that the production is independent of the meal intake. The first observation suggests that IGF-1 may have an important role in gut tissue growth and enterocyte renewal. However, guar gum has been shown to have a stimulatory effect on intestinal cell proliferation in rats (Johnson & Gee, 1986 ). It appears that further studies should be carried out on the role of IGF-1 in the very complex mechanisms of intestinal cell proliferation. The lower IGF-1 plasma concentrations and splanchnic production after adaptation to a guar-gum diet were in agreement with findings on IGF-1 secretion and nutritional status observed in man, calf, rat and pig (Prewett et ai. 1982; Isley et a[. 1983; Coxam et al. 1989; Buonomo & Baile, 1991) .
In conclusion, our results demonstrated that guar gum strongly inhibited the in vivo apparent absorption of glucose and the appearance of pyruvic acid in the portal vein, and reduced the production of insulin, glucagon and GIP, only changing the HEC in the case of GIP. The latter suggests that the intestinal mechanisms of action of guar gum are sufficient to regulate the observed metabolic effects. Furthermore, we showed that the gut was a net producer of IGF-1 and that the liver had a net uptake of this peptide.
